Abstract. The experimental geometry for absorption spectroscopy measurements, which was employed during Modal Lion, can be adapted for monitoring the growth and mortality rates of pelagic fish. During the juvenile stage, in which sardines grow from 3.5 to 13.5 cm (nominally between 2 and 15 months), mortality rates are relatively high, and number densities typically decrease by a factor of 5. Calculations of the resonance frequencies and absorption coefficients as a function of time suggest that tomographic monitoring at a range of about 12 km is possible for sardines, which are longer than about 5 cm (older than about 3 months).
OBJECTIVE
The objective of this paper is to investigate the feasibility of monitoring the growth and mortahty rates of juvenile sardines with absorption spectroscopy measurements.
The calculations presented in this paper represent the first step in the design of experiments which we plan to conduct in the littoral seas off the coast of California.
RESONANCE FREQUENCY
The resonance frequency, fO, of pelagic fish with swim bladders is a function of re, the effective radius, and x, the eccentricity of swim bladders, and d, the average depth; and may be described with a modified form of Minnaert's equation (1) . The modification accounts fr the eccentricity of swim bladders At night the majority of sardines are dispersed, the separation between fish is large compared to &,, the wavelength at fe, and their resonance frequencies are not affected by coupling effects associated with the normal modes of schools. The effective radius increases as fish grow. Calculations of fe, which are based on previous measurements of ro, x, and d, are shown in figure 1. These calculations indicate that fe decreases as fish grow, and that f. is below 6.5 kHz for sardines which are older than 3 months (longer than 5 cm). At frequencies below 6.5 kHz and at a range of about 12 km signals are weakly attenuated by chemical absorptivity, and tomographic monitoring of sardines (and probably other pelagic fish with swim bladders), which are longer than about 5 cm, is possible.
ABSORPTION COEFFICIENT
The absorption coefficient, CL, at fe is equal to the product of n, the number of fish per m3, r, the effective radius of the swim bladder at the average depth of the absorbing layer, the Q of the absorption line, and &,,. During the juvenile period mortality rates are relatively high and number densities typically decrease by a factor of five (2) . Computations of a (normalized to unity at 6.5 months), which are based on calculated values of r. and I+,, and previously measured values of n (as a function of time) and Q, are also exhibited in figure 1 . Actual values of a may be expected to be site specific, since the rate of change of n is dependent on oceanographic conditions, and the presence of prey and predators. These calculations indicate that a increases with time up to about 12 months, reaches a maximum and then slowly declines as fish get older.
The calculated time dependence of a is controlled by the assumed growth and mortality rates; and may be considered "typical", but not "universal".
According to calculations shown in figure 1 , absorption coefficients due to juvenile sardines, which are smaller than about 5 cm (younger than about 3 months) and have resonance frequencies that are higher than about 6.5 kHz, are relatively small and may be difficult to measure. Since the peak spawning month for sardines on the continental shelf off the coast of California occurs in May, effects of absorptivity due to dispersed juvenile sardines on transmission loss may be expected to be measurable starting in August (nominally & 2 months, due to year to year variability in the peak spawning month and growth rate).
